INTRODUCTION
p=0.69) of the M 4 generation indicated that, like the albostrians phenotype in M4205, 184 the albino phenotype was controlled by one single recessive gene. We observed 185 exceptions from the pure albino phenotype in homozygous mutant M 4 and M 5 186 progenies of TILLING family 6460-1 in the case of two seedlings showing very 187 narrow green sectors on the first leaf ( Figures 2C) indicating an analogous, yet much 188 more severe phenotype compared to the variegation conferred by the original 189 HvAST mutation (i.e. the 4bp deletion). Due to the severity and predominance of 190 albino sectors, both M 4 and M 5 striped plants did not develop beyond the seedling 191 stage ( Figure 2D ). The pre-stop allele in the identified TILLING family 6460-1 is 192 designated as Hvast2. 193 The prominent characteristic of the albostrians mutant is the lack of 70S ribosomes 194 in the plastids of albinotic leaf sectors (Hess et al., 1993) . We checked therefore 195 whether in albino leaves of the allelic TILLING mutant 6460-1 plastid ribosomes are 196 also missing. Indeed, as in albostrians, ribosomes could not be detected by electron Hordeum vulgare ALBOSTRIANS according to (Hagemann and Scholz, 1962; 217 Franckowiak et al., 1992) ].
218

Site-directed Mutagenesis of HvAST by RNA-guided Cas9 Endonuclease
219
HvAST as the causal gene for the striped/albino phenotype was confirmed by the 220 allelic nature of the albostrians and TILLING mutants. Remarkably, the phenotype of 221 the homozygous TILLING mutant is much more severe than in the original 222 albostrians mutant, which is probably due to the different relative location of the two 223 mutations within the coding region ( Figure 4 ). In an attempt to verify this presumption 224 and to reproduce the albostrians phenotype, we employed site-directed mutagenesis intron. Twenty of these showed fully green leaves, whereas one plant (BG684E11, 232 carrying the gRNA specific for target motif 1 which resides a few base-pairs 233 upstream of the original albostrians mutation site) exhibited a green-white-striped 234 phenotype resembling that of mutant M4205. A variegated leaf of BG684E11 was 235 used for genotyping the pre-selected HvAST-region which revealed two mutant 236 alleles each carrying a single base-pair (A/T) insertion within target motif 1 at the 237 position expected to be cut by the gRNA/Cas9 complex ( Figure 5D ). Genotyping 238 revealed the chimeric nature of the original T 0 plant BG684E11, since four genotypic 239 classes could be observed in the corresponding T 1 progeny: homozygous mutant 240 1/mutant 1 or mutant 2/mutant 2 (class I), heterozygous mutant 1/mutant 2 (class II), 241 mutant 1 or mutant 2/wild-type (class III) and homozygous wild-type/wild-type (class 242 IV) ( Figure 5E ). The individuals of class I and II either showed green-white 243 variegated ( Figure 5A Figure 6B ). In contrast, the mCherry signal of the plastid marker accumulated 283 exclusively in plastids ( Figure 6C ). WT_HvAST:GFP and its two truncated mutant 284 forms were detected as green fluorescence in leaf epidermal cells associated with 285 the nuclei and stronger with the plastids ( Figures 6D, 6E and 6F ). The plastid 286 localization of HvAST was further confirmed by the cTP_83AA_HvAST:GFP, which 287 showed strong accumulation of GFP signals in the plastids ( Figure 6G ). In total, 30-288 50 cells for each of the five fusion constructs were checked for the presence of both 289 green and orange fluorescence. HvAST mutants will be required to further address this question.
383
It is interesting to note that we found phenotypic effects only for mutations that affect As an initial step, 91 F 2 individuals from each population 'MM4205' and 'BM4205' Zip_2680_1. In addition, the genotype at the HvAST locus was determined by 487 phenotyping 30 F 3 seedlings derived from each F 2 recombinant through self-488 pollination. While wild-type F 2 plants are expected to yield 100% green progeny, F 3 489 families derived from heterozygous F 2 will segregate into 75% wild-type and 25% 490 variegated or albino plants. F 3 progeny of F 2 homozygous green mutants will 491 segregate into 10% green, 80% variegated, and 10% albino seedlings. All molecular 492 markers used for saturation mapping as well as for fine mapping relied on publicly 493 available genomic resources (Sato et al., 2009; Mayer et al., 2011; International 494 Barley Genome Sequencing Consortium, 2012; Mayer et al., 2012) . Qiagen, Düsseldorf, Germany) and 11.9 μl of nuclease-free water. After purification,
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PCR product was sequenced by using Big Dye Terminator chemistry and an ABI 
